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Abstract

In semiconductor ~manufacturing processes nitrogenous substances are
extensively used, resulting in-production of very high nitrogen-containing wastewater.
The high concentration of nitrogen-containing wastewater discharged to aquatic
environment may cause eutrophication and toxicity. Although Taiwan EPA has
regulated effluent standards for many pollutants, they are not sufficient to tell us if the
discharge is _toxic or not. Therefore, many countries are using animals to detect the
toxicity of wastewater. Traditional toxicity tests usually use mortality as endpoint, but
the sensitivity of this method is not adequate for low concentration pollutants.
Zebrafish embryo assay has been regarded as a suitable alternative to the fish acute
toxicity test which, apart from ethical reasons, provides very limited data (only LCs)
and no ecotoxicological relevance. Due to transparency and extra-uterine development,
zebrafish embryos can be directly observed the phenotypic changes during embryonic
development. As a result, in this study zebrafish embryos were used to evaluate the
toxicity and teratogenicity in nitrogen-containing wastewater. The purpose of this
study is to examine the acute toxicity and developmental abnormalities in synthetic
and real wastewater by using zebrafish embryos.

The results show the 96h-LCsy of ammonium chloride, sodium nitrate and
111



tetramethylammonium hydroxide were 111 mg NH3-N/L, 1347.3 mg NO; -N/L and 68
mg N/L, respectively; the low observed effect concentration were 0.41 mg NH;-N/L,
0.51 mg NO5-N/L 2 0.1 mg N/L, respectively. The endpoints such as hatching rate,
heart rate and body length significantly declined in these three nitrogenous solutions.
Abnormalities including spinal curvature, pericardial edema and yolk sac edema were
also observed in sequence in zebrafish larvae.

In real wastewater, the HF/CMP wastewater, acid-base wastewater and effluent
from a semiconductor manufacturing factory were used. The mortality of zebrafish
embryos in the acid-base wastewater and effluent was under 20% and 77% in HF/CMP
wastewater in 96 hours. Although the mortality was low in the acid-base wastewater
and effluent, the cumulative hatching rate, body length and especially heartbeat
significantly decline. Abnormalities including spinal curvature, pericardial edema and
yolk sac edema were also observed in real wastewater tests. The results indicate that
the zebrafish embryos can be instrumental to detect the potential harm caused by
wastewater.on aquatic organisms at low concentrations. It suggests that embryo

toxicity assay should be used to evaluate the toxicity of wastewater in the future.

Keywords: nitrogenous substances, semiconductor wastewater, toxicity, zebrafish

embryo toxicity test
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o
3|

>

N3

MRS R i W EBR AR DRI TR BEFOTIRS om AT

S

E

n>>

i eTRE AR R

FHPRIPORHNI AT - TEFNIE S BHER
% Y

e

Wi

Fp
Wi

EEAERERR  RBOHAMDN T 2R A BRRF

A

A2 PR Fd PR BT AL o T E R S BAR Y &



Baes (s g Rlend oo dosa S A F AL F LA T 448

Hoe X upah g Prd s B RY FIHBm 4 5@,&51@8L89ﬁ%j§gﬁ)\,1‘ )

4

)
=

BeFAPRA o b e RSP o fIN ek BY TR Y BACRR R L

BT EANRS AR B RE  REPRRS 2 N AT R

(F i % a (Wedekind et al., 2007; Lammer ef al., 2009; Embry ez al., 2010)

\\

232 B AMAGFL AR TR

(DB hfEsE2 R2i75

35 4 (Daniorerio)/m p 5 & KR4 fi 2 ¥ 3 FfItasEs 2k 27
{5 4 & % (Actinopterygii) ~ @A) B (Cyprinidae) ~ @ #*(Cypriniformes) ~ & = &
(Danio) » L & & F 5 Facf VO R ~ T ATR N lmg ~ LB R o BB L 44
REd o AFHTHEY ABE A S b F G - FS A R g
PRA R ol Nm Bl ARG 0 TR T ARSI G 34 28 5 B
HSaons(Bl2-1) 4% PR T flFae R fEFLT Y MRE 5
Pl4eg 7 A48 A FIRE A g4 S B RA7 o LY RL o

ME A SGREME AR T 4 B3 22-28CkiE2 P 0 S R MR RIFEN
Te B PVRERA RRAF2LA B AR RALRAY KR
ERAZ wENHE N0 P BREL R R AT TR EF R
TERFARY AFHRIP L ENIEX > T ARNEE S E 0 TR - W

2 vph A PRV i 200~300 % °F 0 FlE- I AV REA EHm S LY

13 l;’ﬁ,ﬁf' %ﬁ(Lawrence etal.,2007; % -2011) o
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B 2-1 z20esa B 4 2. §%%)
(a)z2 ] ~ (b)rpit

Q)Pare 22 5 )

B G A RIS L TR R A EE R B RLBR - Ar 0 S P
L2 Bew o gttt FUARSEE Y Ml 0 B ANE TARRAIEA T 2 R b
AT R XS24 ) P DR 2 wwwéwﬁﬁﬁﬁéﬁ6+%

PET RS ARSI AEE P 5 AL EEE 2

o

\Fery

C RRAr AT G s 0 RpEH B A B YRR SR I B Tl
T R s DR BERT R RARRE BT 8 BRA Rat A
g PG R RS R A (AR R AR HA R T A

T ;}% (Wedekind et al., 2007; Lammer et al., 2009) ar ELF ! T]} E% ﬁ}i (OECD,.1992; Yang et al.,

Eoch=

2009)

(1) % 4 “r pE P (Zygote period, 0~0.75 hpf) : 4F =+ B 95 & £ {8 » fwe B 404 B ()
22 (a, b)) ©

(2) ‘mrz & %) pF ) (Cleavage period, 0.75~2.25hpf) : w2 F g o 4 » & 3| &~ 4 1 -
T H R hims (B 2-2 (c, d)) «

(3) % *2¥p (Blastula period, 2.25~5.25 hpf) : &~ 2 % 14 =t {s& ~ %28 » 3 B 4
A5 R g o

(4) *h & 3p(Epiboly, 4.7~10 hpf) : tm% F5d fwoe & 3 cn§los o — i & K - it
J& % $ H=(Animal pole) /118 # & (Vegetal pole) e B 4% ; i B FE B ¥ 1L FT s 24 i
P §aB R T 5 ) fmie £ B ik & (] 2-2 (e, D) o

(5) /&% # (Gastula period, 5.25~10 hpf) : m¥s & # &8l > 25 = Bk © b

11



B~ vk s ok (R 22 (9)

(6) %% & 2= ¥ (Segmentation period, 10~24 hpf) : L A F ~ W& 2= > £ & KA
w7 %> (B 2-2 (h, 1)) °

(7) & % ®48~72hpf 2 fF ¢ mit Z s 5 4 % & (B 2-2(j)) e

g] 2.2 ﬁ_,% ,é’, Bﬂ‘.gé ))é' rléb -F;);§ —;;PC F:E\(Yang et al., 2009)
(a) 0.2 hpf, (b) 0.75 hpf, (c) 1.25 hpf, (d) 2.25 hpf, (e) 4.7 hpf, (f) 5.3 hpf, (g) 10 hpf,
(h) 12 hpf, (1) 22 hpf, (j) 48 hpt (hpf, hours-post fertilization)
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pLob g FACRER TR R S AR V2 BPIIE P o Aot PER s oo B s BBE S
WAETE LA NEFLIRE IVERLITLAED B R ERFDLSHEG
Godep e A B FE R A RF TR o NT L ENMEBY EHE BT
AT T S TP E L AR BE A B 23 5 LB EE
,g, é’_,é' %’1 A +* I,i_,_‘,aé(Eschetal.,2012) o
(1) s 55124 PB4t p 8 > 68 | Pl fge v ik 5
(2) wH R I24 PR e s R R 0 600 BF S A looped A5 0 72 ] BEAE
(3) AUk kot 48 | PEEG x5 10 % e 3 adha R Bl o
(4) ARE EA10 PP ABE T BEIPRFA S 08 [ R AT F R E

Epe MR pE o SEUSHRE AR BT 2R
(5) PFER AL D 60~70 ) PEHLiEiE 2 R A o 5 X PEARRRE T % > Y 4 i@ (Fs iy o
(6) Wi K% 136 [ EHRALFEE 5S4 F L)t s

(7) THAEE 40 | FBF BRbe R Lo 1227 TE T2 0

B 23505 g & B A % oy (Bscheral, 2012

13



23338 4203 R R
S R A MERE T VR R B LS R0 2 305 E &R
DE L SR SRS Sl NEREE T AN PR S IR o B
FHEA O R F P T ERE AN PR JHF AT TS &
URECSINE S S X R0 W eI S A £ F AR
415:{_ 8Zr_’9é‘-)§‘ i 3k “5 ‘r,i(Serbedzija et al., 1999; Selderslaghs et al., 2009; Yang ez al., 2009)

h AR A P RRET ERA L T AT RREIAER G BT
HA P 2 Aok A o de R 2-1 477 o Garer'a-Cambero (2012)7 * z2.§ &
URECSEFRE T 2 SR NSRS R SRS Y S
B ch = Zg el A5 A @A A 6 X 8 0% gl (A SR L RERE 0 G

|J "ﬁl

Wa
-

TR AT IR o AR R Kk B S s s B s S

AP ERED KT L gAK@ Jiang (2013)7% & * 9ARE K e B 5 1 4B
CEP R E R LR AR T EREGIE PR R o B
ML SRR RS TR DR LS (el I EEREN - ST

2 B aeaEn G b o BV R DRI ok Ml e 2 o

14



3 2-10a B d'ars3 Bigskz R

= BR ¥ B RS <
(1) LCso : 4 >t 25~50 pg/L *
() »= % (2) 224 ] PEERSE A GG o T 72 ) PR
(2) i 5 REL T
£ = . ) . - (Asharani et
2L 4UBER. (B) @ KR (3) 72 [PEN AF AASEAL > G ok AR OILR o 1. 2008)
! vy s o ¥ , a *9
(4) <~ BB (4) % kZ )RR AR S50 pg/ml BF o S B B RS L 39 =X
(5) e k- /2 (Foi] e 150 77 /4 )0 B iR F 60~90%:% 4 1 Ef IR
Boo AR E R A
1) 7= = (1) &Rk 1.O0mg/L FFE 3 79.2% 80 & (F 4] .2 90%) -
(2) 4@@—; Q) Gipdlietprt o 275 FHRERTWE Y 3 B FE K o
=
3) (3) ¥ER 0.05mg/L et > HABE 4 L3RG Fralm g o
BRLE: Sl 4) u%%a;« (4) 3 FHagd b e vaA) s g fes @ ok R o B ¥ (Deng et al.,
(HBCD) ) : F/;ﬁ ] FEINE SEEVIES 2 Bﬁi'l.ﬂi ER A e 8 SIS el 2009)
w)ff;“ (5)-AQ % ¢ % Ttk fFERE255 3% e 62 A S B
dmPe k-

(AO %4 ~ROS £ i#)

& o B REJE R 3 4 » ROS £ ip 9 caspase-3 &2 caspase-9
dig=e
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Z 2-13a 8 g 2703 3% 2

B ()

FPPF LR Y B B o L5 o &
(1) /7 3o @gand s >ty LEAEF
=fE WA (1) > % 1% + B ¥ chvasipm =3 e
(ETOH~  (2) B fmi 3 Q) EemkR i 1% ¢ 5K RH% x> 2 (Hallare et al.,
DMSO -~  (3) i R T CROREEE SR 2006)
Acetone)  (4) ¥4 (3)- = BT B MK R AT L5%PF i
Beid 5o
(1) sarosm= (1) §557 pok? €3 RmPa = > A 25 0 RPE b
o FLT Pk (2) MY E WAL T IR o ,
(34 f18  (3) 48] PF B i () B 6% « he gk o R RRlEEEES g F (OOt a-Cambero
) (4) }},‘*rs’gi"dz(a_kgw B g SR B Rk ¢ A B K etal.,2012)
(5) pFEFHEEE RS 2 b 75 RACE o
(1) AKGASELE R RIEEG A= > 2 h T2
(1) = = PE 8.3%:rBarsEdt (Bdl e F 90%) T F LA
BE R ARk (2) it F %«q s 2 L S g o (Jiang et al.,
() wET R L g

CEFBEGBET A REE

16



FZF REHBEES 2

3 HRE ¥ Ackpe e EWAkER
(D7 & mokp i

ARG E A ERAEEF e T A A TR A F BB 2B
FAOREAL A A PR RS BEREFTHS A5 F Bk o F
4%(Panreac, 99.5%)fe Wik & 5 200~600 mg/L (% # k& 5 50~155 mg/L) ; & féép
(SIGMA-Aldrich, 99.5%)7i %k & % 6000~10000 mg/L (' e @ § ik & % 990~1650
mg/L); & § = 7 L 4s(AlfaAesar, 25% in water)fie @)k & 5 200~600 mg/L (4% %

BB % 30%90 mg/L) -

(2)% EH ok &

LEMRZ R EARORE A AR s C B R AR AR B ARG B K B e
g2 TR B SRR B RS § AR T o e FIE P K
WinAez Yl 0 K KB VEBFEER LR E S - K2 Aok o Tl AR BT L
WA KEEF 2% 2808 2 FP e Rk - W AR Ak & ok o

3204 R RE

g

(H “§F3F

i & Z % ¥ (Chemical Oxygen Demand, COD)i& Rl * TRk #7222 € 42
4o i ik (NIEA WS15.54A) 0 4c » R EE M9 B2 1T ok d § 5 &
£ 5000Fn i it ¥ in 201 BE o MORRER T ABARS R TR EEL e B d
o FREAE S TT REREY CETF R LT @R A 1

\“‘tﬂ

z

(2) pH B2 %7 &
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i * = pH meter 4] 5. 5 Mettler Toledo FEP20 FiveEasy Plus® # =% i# * & i *
kst Ei2(pH 5 4070 %2 100> 25C)% K Fp 2 RSY b7 ;5 &
% &3 A5, 5 CLEAN CON 200 CON/TEMP -

(3) #—+ & 17 &k (Ion chromatography, IC)

BOORIRER Y AR 2 B R > gt @ * 3150 5 Dionex ICS-1000 s+ &
17 REF AT 0 2475 FRPR R F 25 0.45 pm g il 0§ BRI R Rk
i P e R B B 2 % a1 g A
F k@ A He  ALIS FRIE(H)HES £ g = 5 F R (B)3F 2 H M 2 4
EE A REESTF BT RM AL R NS BT R 2 R o S
¥ is 2. FRIE(B)RES Ringii g2 BRI B > ¥ L FTET 2 fea 5 12
TEE T e
(4) 75 #88 A 47 &k (Total organic carbon analyzer, TOC)

M #® B oA~ Shimadzu 2 @ @i o 755 ASI-L 2 &% #8pd 47 ik 0 1R
# e Rl AR T 2 0 F pl Tk iR Y 2 DOC R R - g AP E KR
045 ymip iR s o f1* HCIpEt @ 2 pH B/ 32 R U B @R T 5 B4
12~15 # 48% 1k kiR Y B AT KRS pEREE L FUEF L2
FWARE R REE L SRR RS 680CH R T F Lokt R H Y g
B e S COyn e BEE 2 “,f BF AT gk s s TRIE AT COER
AriB kR i DOC ek B o
(5) H s

AR B 2 L R s (5L 5 ZIESS Imager. A2)BLZE A5 42

PREE AR B A T R T R T S 4R % g R Y .
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335 hried R E 2

33135 d %%

AR B g B B4 A (wild-type)sa B & B~ {5 B 2T ANE R TR L AL
(T EE 4o 3-1 4T o R AT A AT TR A S L B R R A 26£1°C
FAMIAAARRF - B o Lok R BT 0 P BT R AR
FhwarkE KARgvREA - RETFILr kb 3% pF kRG] L B A%
dd o LI it PER Y opr B g F S 14010 ] FR(R D) U Gpa g
AATEL(H A e G BT A6.8% 0 1 0 Pk 5.2% 00 I )E P AE G S R e 2
TR EEEAG B AR AR A AR AR Y BEED FAAT 0
T e A T SLE R R Ak G R R g A B AR TR

SRR ORE B ¢ HOKS F 0 L R e

R LTS

] [}
|

g] 3'1 ﬁi:% ,i&" ;{\ FE‘T_;‘}?—II%‘ ,;‘i .?f‘u
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33235 gpeytigit e 3

(1) #EH 4
A CHESRMGSER T S BEFR AR R AL o B ¥

FrmAMAS BT I P EST S AR

VA R E RS BAOE S o G RS s R R S A R ]
B2 F DR AR O R T R

@) %% VB 84 b R

Q) p¥®
(4) 2petf
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333}T0% é’;&_” iHFél%

(1)

SRR PR S

C.

EHEHE N0 PFS b KBRS FRAAATOERAN ] PN DR
(LU R RES

ped M er L ¥k (5.0 mM NaCl, 0.17 mM KCl, 0.33 mM CaCl, - 2H,0,
0.33 mM MgSO, - 7TH,0) ¥ > & jF » 2~3 i# 0.1 mg/L 77 K ER R HEF -

sk P BB T PE e N R 7 R

BoiRg § a0 Lld i AR EE P SR i S A
PRl AL F AR 2 B E PR E § Ak -
L OREUERS 1) PIERTS SO e as A Joy TP
Ji K (HF/CMP) ~ % #2 fd b s K & 5 il 2 d1imoK -

(3) etk R

a.

FREFREF P RRY ARSI e MRS R DT o )
PR ORERARR R ATAFROZ FRRE SR
PEFRIRRER D FERBRAYIER

felldFcnk BidR g A K pH B3 7.540.1 o

AR pH Bk B3R o3e s PEE S f 020 FE 2 PR
TR S A OAPAAS A 06TV o — It Nl - Spm g d i o
MEFZ PR BEBE AR 27-285TC -

EBBEERE 124486072 % 96 ] PF o
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33435 ARk B EER

* X {8 1) PF(hours post fertilization)p ehsa 8 & %P5 % B34l e
FERGZ § I ;;‘r ’ xf VLR A A T B B 4% s
S RS s o R s RARE R BT A A H R TR T e dk o

4o 3-1 9777 0 & - BERIOREFBEY € e a5 0 Foasi(l)

B @ 5% AR E B E K ARE 96| B < &

(s

TRt o
ke B ie 4860722 96 ) PR € BLE AR Bl Rigesanig Ry}
CFIp PE R BRI AR L S (Ao 3N 2 TR ) o gt T OB RIASE S B 0 LR
PERF 5 48 5396 /| B > 3t pbdn B AR IAFAE SRR L2 10 248 0 Fars

”n

%aﬁcw¢$W@ﬁéT%§’44~&r&’i%%%%ﬁloﬁﬁ%é%

-3:

o 3B A 10 fyae BB BRLE R L Excel R 8 T o Bfengk B
PIFFRYEL S 06 /| P s LEEZREL 45 TG &P ¥ endl g o Ao jasd e
R A AR R R I G edr R B E R Y S NG)FT R ARG S &

f6—- JBELPIIED 5 BRI E MR RN RI10E 2 4 ERHL ERE

£ RIRE AR 3-2 A1om o KERIRTREAE T s — A 0 iRm0 Bxcel ¢ E T

3 B_}I_}J‘ m&_ gLFL,%C. lﬁﬁi
;9«‘$(%)=(%*% — ) o
F B R

’ Ly SR 7‘% ‘mit T Hic
MR 06 = — @

o i L2 v B A
%% (%) = —— )
ERCE MIEE
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l3-2 % 445 20l W

# 3-1 & 75 % gppLip|pe I B

BBIRE 24 96

L/ RES

Fied
s F Bﬁ:

Gp{ tg

3.4 Befp A 45

% SPSS 3+ #r 48 s P i

ok odel it 7o B 4 7275 L #iek 7

*

ER(LCso)3t 8 » f N2 B e 5B 50%m 8 475 = kA o BT i L kK

PR e g P APARLRIR SR R Ao B AR B AR A 0 B A
THZ R hBedilos A3 L2 HFLB(p <005 55 % > p < 001

RV EE) -
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44

M)

it

5 13

-
3

-nn\.

41305 ARk BWHE T F Ak d
PRBE- 2P THYEA At AN A% AR
2% AEBFEFBF ORI R AR F gL e T

R CARE R P D RNty SRS LSRR i A AR E

;oo
3]
411555 472752 5= X

B EBES AR BRI F ST B R BERE AT R
MR AR R FRETHEIRZ $ AR A BT 4847 06 | MR EAS
AP el R o S g R Rl B I o B g s BT R G
B HE e § g Pe R S F T 10% T Sl TR0 Bl L3
d  SPSS &4 % §F ~ 17 2 Probit e =R F eI RRSER
(LCs) °

Ni g F it by 4Eh T EE ok BE R AR 4-1(@) T & 50~155
mg NH3-N/L> & 7k & 80 mg NH;-N/L pF 5+ = & 5 28.47% k& 155 mg NH;-N/L
P72 % 65.28% 0 H 48 #2196 | prenLCsy A S & 146.5 & 111 mg NH;-N/L o
ARG ZAAABAT DRRLEF LT B8R R BRRFR S 990~1650 mg
NO;-N/L » 4@ 4-1(b)*777 » 5k & 990 mg NO;-N/L crpl fadh ke 3 H 7~ = & 4
29.17% > % % JE B 1650 mg NO;-N/L eh7 = & pl % 70.83% > (2t 5 7 17 48 22 96
| B LCs B4 5] 5 1446.5 mg NO;-N/L £ 1347.3 mgNO;-N/L - % 4§ #§ h
FRCESFLEFII e RAO R BERE S V48R 5 30~90 mg N/L> d R 4-1(c)
TEEBER3OmMgN/LEF = 5 33.33% 58 kAR 90 mg N/L B 5 67.71%;
Probit model 4 5 % % k7w 2 48 27 96 | pF L deik v k& & W) 5 76.2 mg N/L £
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Mortality rate (%)

Mortality rate (%)

100 |
B 48 h
80 | () B 96 h
60 -
40
20
control 50 80 105 130 155
NH,CI concentration (mg NH,-N/L)
100 |
m 48 h
B 96 h
60 -
40
20

control 990 1155 1320 1490 1650

NaNO, concentration (mg NO,"-N/L)

Bl 4-1 1538 7 % Aok iinr = S 2 @228
(@)% 4% ~ (b)Ad a4
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Mortality rate (%)

100 |

(©)

control 30 45 60
TMAH concentration (mg N/L)

B 4-1H5 7 & Aok fbnrss = &

(0F § "z 7 4z

26

N 48 h
N 96 h

75 90
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AN
[e%e)
[S—
=i
(4)°]
Z
~
=
)
N
m
=
N
oy
I
S
.
&
==
NE]
hrl

FEAEF R BER SRR O
o R W ERPE L A A kRS S 5 MBS G 6
BTR&AEREO6PF)FETZFFETHRHIFOIPE IR A PEd 31
MEAE A5 F)> 33 P27 2485 P5)> IRHQEEPE)-

A fridphtE=R7 4L #0540 Kallgvist (2003) - %
(Nephroselmis) % %> 4 % % ¥ > . pH 7.5 BF ECso 5 0.013 mg NH;-N/L> @ Robert
(1981)i¢ * & f& & #F = 4 & {7 & & » # & (Rainbow trout)** pH 7.3 796 h-LCs, &
72.7 mg NH3-N/L> @ % 2 45 4. (Fathead minnows)- >* pH 7.01 2 96 h-LCs, P] 5 148
mg NHy-N/L » 22 Bl Ak cnd-fag § "Rtk g #2424 3 & - Scott and
Crunkilton (2000)# * -k 3 @3 ca fa@ g » 2 48 | pFL @ik kR & 462
NO;-N mg/L » 7 3 # 3 J1* ¥§ = (Potamopyrgus antipodarum)i& % &% > 2 96
h-LCso P1%:1042 NOy-N mg/L e seCmaen i) o 5k b it i * ekl 2 4527
oo LR ER A 0 £ F A PREA AR o 2k ki
# o

aF te " AT LET TR CERHAMF AL PN
TR BGEFE AN R BIS B ILE 4 ) PF L ik 50 A £ (LDso) 5 85.9 mg/L (2.38%)

PAREBUEAL NI AZ LRI FER S CEFRERBELEAE
PR Eiea dF T B @ BE IS 24 o] PR R R sk e T T ¢
£ L0 g i BURRPCE L it Lk e 3
3SR D R L R m‘v;}%;}ﬁ e
LAAPFHEEA G EF e T R RS RG] 2
o FFBARRE LR RR T PmER S 0 i) T TS SR
‘J.

e

1y
#w

ot B AR Al RYIE A& R FERERRIL S ik
B AR it B RBEF o F BT RE T EA R R A § HY
1758 o ,‘»E’Qﬁ” ¥ Efﬁxfglr_wg 4 2 %mﬁxl'{/%& - = fé *Jf;'?ﬁrﬁi‘

CFROEFE SUE T L b ek ORIk 0 AR BT E s B
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g g ite ® A4 LOEC A4 % 5 0.41 mg NH;-N/L ~ 0.51 mg NO5;-N/L % 0.1

mgN/L> B%8 T 75T aMERDIEETHaS g2 85 140
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41285 42752 % 7 35

(1) R A -1 5

AFFTRZ R LN HE T RRF TR A AR
fFEF 253 H Bl 4-2@)5T > §35 A2 0k B304 V450 JER <3080
mg NH;-N/L € B2 ¥ 8 % s e0 % %1 5 (p < 0.05) > 1 80~130 mg NH;3-N/L
Fe OB R DR AR Y SN 54~67%0 B 2 O1% 0 R ff I FAp ot it o ¥

0 /] PR prflf i A 7 = cnipPs ' @ il o pl 4k k B %% 5 Bl 4-2(b) 0§
J Bk R 990 mg NOy -N/L P 457 ¢ B 5 82 802 ms TR it 3 » A g it 5 430
62~69%FF (p <0.01) » 4p >t & 1 4% Sl FeAN e B cnia oL R B Y 472 )
P ad kA 1490~1650 mg NOs-N/L 0k 5 T - 96 | Bk & & R idiv 5 & i
GRS o T EE LR R T 120 | pRo BRREN G ate It o iR AR b Fes
FE AR E S o R BT E F w0 ] 4-2()RF 7 % 90 mg N/L
F R S B S S 34% 0 H AR ] 4 7F e 60~66% (p < 0.01) - EILER & &
PR 652 BERY > et 96 P BERLERPERE R R (S 0 A = ca s RN I o
Kimmel (1995)4p ) &t pEp K iafa it € & cAPE 2 — o pr B donied § % i
60~72 /| P 5 TrPAE BOn BB PR > e A S R B AR S L IR B A X
& ok A4 BB T AL W g 5 A R A Y chpE F,Ea(Hallareetal.,2004; Miyachi et al., 2003)
SEHETZRAZFPFTOR AT FREF R E01%) 0 A A 4k
BRZRBIESFT T REm R R R = i R g e p
WORBE RS R 0 e XN CE A T2 [ pEe RN o rERGA A R B s
ForEAE AT E RN AL Sa S garaah s SRk kg o AR
L= kR BERF (96h-LCsy 5 1347.3 mg NO3-N/L) » 2 0.5 mg NO;-N/L

m
,T}.;g%%i“z_’?“ix’i W RS L ATE Ry - F i A F R DRES IR

FRREE S R TR Y S U L AT DEEE
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100 |
;\? —@— control
~— I e Q- eveee 50 mg/L
w -
- 80 v 80 mg/L
A 7 A 105mg N
g) | —#—- 130mglL ... O T a
= 60| 155 mg/L w =
L /
© P4
o 0 F i/
2 o
il
i
S I
£ 20 I A= gl
= I =
(&) I

0 ' ' '
0 24 48 60 72 96

Exposure time (h)

100 I

:\; ——— control
~ |l e Q-venee 990 mg/L
o 80 v 1155 mg/L
® A 1320 mg/L A
o [ — —E—- 1490 mg/L .,
= o PO GE @ STTIE ——n
S 60t — 1650 mg/L
= [ 7~
[ o
©
£ (b)
o 40
2
©
3 A=
E 20 + /’/
£ .
&) -

00 == ' '

0 24 48 60 72 96

Exposure time (h)

Bl 4-2 g 7§ Aok Hars B f i S g
(a)#% 1 4% ~ (b)# padp
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100 |
——@—— control

S

~ L .. OQeeveee 30 mg/L

8 80 9 45mgL

© L A 60 mg/L

g, I —-#ll—- 75mg/L ”,._..;;-;8“—-"-”“""‘2
S 60} ——O-— oomgL X /——-—-""
e | /

©

£ (©)

o 40 /
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BONR BRI R R B 40% 0 Lo s B BE F AR OI % (R 4-8 (b)) Bk
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